The component fatty acids of lipids from four species of flatfish (flathead flounder Hippoglossoides dubius, scalyeye plaice Acanthopsetta nadeshnyi , pointhead flounder Cleisthenes pinetorum herzensteini, and Korean flounder Glyptocephalus stelleri) caught in the Sea of Japan and Funka Bay, Hokkaido were examined using open-tubular gas-liquid chromatography.
Marine organisms usually contain a great number of unusual fatty acids as their lipid components .1) In the course of examining the unusual fatty acids in marine organisms by open-tubular gas-liquid chromatography , we h ave found several unusual fatty acids, namely furan fatty acids (F acids), nonmethylene-interrupted dienoic acids (NMID), and very long chain polyunsaturated fatty acids. In a previous paper, we reported on the occurrence of F acids and NMID in the lipids of flatfish.2) Very long chain fatty acids (VLCFA) greater than C24 chain lengthes have again been of special interest during recent years, in particular as concerns pathological function in living cells.3-6) There are some reports on the occurrence of tetracosapolyenoic acids such as 24: 5n-3 and 24: 6n-3 in fish.7-9) However, the content level of these acids is low (less than 2% of total fatty acids). It is necessary to investigate the distribution of VLCFA in marine organisms in a sealed tube.11) Pyrrolidides were purified with TLC (Silica gel 60G plates) using n-hexane/diethyl ether (1: 1, v/v) as a developing solvent.
Gas-Liquid Chromatography (GLC) GLC analyses were performed on Shimadzu GC-9A and GC-14A gas chromatographs equipped with flame ionization detectors. Three open- C3, 24.65; C4, 29.15; C5, 26.92; C6, 129.69; C7, 128.45; C8, 25.73; C9, 127.96; C10, 128.66; C11, 25.73; C12, 128.23; C13, 128.23; C14, 25.73; CL5, 128.23; C16, 128.23; C17, 25.73; C18, 128.23; C19, 128.23; C20, 25.73; C21, 127.09; C22, 132.08; C23, 20.59; C24, 14.19; 51 .36) of 24:6 concentrate was in close agreement with the spectrum of 24:6n-3 found in the lipids of marine coelenterates14) and echinoderms. 13) Infrared spectra of the 24: 6 concentrate showed no absorbance near 970 cm -1 which is characteristic of a trans-ethylenic bond. These results confirmed that the structure of the unknown com ponent having an ECL of 26.28 on Silar-5CP column was all cis-6,9,12,1 5,18,2 1 -tetracosahexaenoic acid (24:6n-3). Table 2 shows the fatty acid compositions of total lipids from the flesh, liver, and viscera (except liver) of flathead flounder (A). The principal fatty acids of more than 2% of total fatty acids were 14:0, 16:0, 18:0, .15) NMID and F acids (mainly F4, F6, and F5 acids) were also present as minor components of unusual fatty acids (less than I % of total fatty acids). The liver lipids contained more 16: In-7 and 18: In-9 and less 14:0, 20: In-11 +n-13, 20: 5n-3, and 22:6n-3 than the flesh lipids. The 24: 6n-3 was present in the lipids of flathead flounder (A), accounting for from 6.32 to 9.27% of total fatty acids in the flesh lipids, 2.29 to 2.70% in the liver lipids, and 5.93% in the viscera lipids. Table 3 shows the fatty acid compositions of total lipids of flesh lipids from four species of flatfish. The flesh lipids of scalyeye plaice and Korean flounder also contained small amounts (up to 3%) of 24:6n-3. But no 24:6n-3 could be found in the lipids of flathead flounder (B) and pointhead flounder. The fatty acid compositions of lipid classes from flathead flounder (A) flesh are as shown in Table 4 . Although the content of total polyunsaturated fatty acids was higher in PL (51 %) than in triacylglycerols (TG) (30%), 24:6n-3 tended to be rich (9.69%) in TG rather than PL (4.33%) which contained abundant 20: 5n-3 (18.52%) and 22:6n-3 (19.67%). Tetracosahexaenoic acid (24: 6n-3) belonging to a family of very long chain fatty acids has been found in the lipids of several marine organisms. Takagi et al. 13) reported high contents (5-10% of total acids) of this acid in the lipids from sea lilies (Crinoidea) and brittle stars (Ophiuroidea). Vysotskii and Svetashev14) also confirmed the structures of 24: 5n-6 and 24: 6n-3 in the lipids of marine coelenterates, and found high amounts (up to 24% of total acids) of these acids in the polar lipids. The polyunsaturated fatty acids having a C24 chain length have also been found in the lipids of marine fish such as pilchard,7) Baltic herring,8) and Baltic salmon.9) However, their content level was low (less than 2%). In this study, high levels of 24: 6n-3 (6-9% of total fatty acids) were found in the flesh lipids of flathead flounder caught in the Sea of Japan.
Fatty Acid Compositions of Total Lipids and Lipid Classes from Flatfish Tissues
The n-3 hexaenoic structure suggests the formation of 24:6n-3 from 22:6n-3 by chain elongation. In addition, Voss et a1.16) and Sprecher17) presented the formation of 24:6n-3 from 22:5n-3 via the 4-desaturase independent pathway in rat liver. However, no detectable amooount of 24:6n-3 occurred in the lipids of flathead flounder (B) and pointhead flounder as shown in Table 3 . Another possible origin of 24:6n-3 is the diet. Flatfish prefer to feed on small fish, crustaceans, squids, and invertebrates such as lobworms and starfish. 181 The occurrence of tetracosapoly enoic acids in the lipids of marine invertebrates has already been described 11,14) Hence, it is assumed that this acid is primarily incorporated into the flatfish through their diets. The absence of 24:6n-3 in the lipids of flathead flounder (B) is attributable to regional and seasonal differences in their diets. On the other hand, pointhead flounder is known to favor feeding on small fish, crustaceans, and squids rather than invertebrates.18) The absence of 24: 6n-3 in the lipids of pointhead flounder may arise from the different food habits among flatfish.
The role of tetracosapolyenoic acids in fish remains obscure. The content of 24: 6n-3 in the lipids of marine invertebrates is generally rich in the polar lipids rather than the neutral lipids. 13.14) Takagi et al. suggested the importance of this acid in the function and structure of biomembranes.13) However, as shown in Table 4 , 24: 6n-3 content in the flesh lipids of flathead flounder (A) was rich in TG rather than in PL. Further detailed investigations regarding the distribution of VLCFA in fish tissues are necessary in order to clarify its function in marine organisms.
